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NASA !M! F-13,615 

ON THE NATURE OF CERTAIN BACKGROUND RADIATION 

O.F. P r i lu t sk iy  and I.L. Rozental' 

ABSTRACT: In  the  first p$rt of t h i s  paper, possible sources 
of the  sub-millimeter background of l a rge  in t ens i ty  observed 
by H a r w i t  e t  a l .  i n  t h e  metagalaxy, t h e  galaxy, and t h e  
t e r r e s t r i a l  atmosphere are discussed. It is  shown t h a t  t h e  
most na tura l  assumptions about t h e  sources of t h i s  background 
encounter s ign i f icant  d i f f i c u l t i e s .  

Silk-McGray, which is based on t h e  assumption t h a t  t he  back- 
ground is produced'by bremsstrahlug of photons with m e t a -  
ga lac t ic  sub-cosmic rays ,  is analyzed'. 

It is show t h a t  such a model leads t o  too la rge  v a l u e s ,  
of the  temperature of t he  in t e rga lac t i c  gas  and t h e  in t ens i ty  
of photons and, consequently, should be rejected.  

In  the  second p a r t ,  t h e  model proposed by Hayakawa and 

Comment on t h e  Nature of t h e  Infrared Background 

In t h e  papers !1,29 t h e  r e s u l t s  of observation of t h e  background i n  t h e  &* 
sub-millimeter region ( h  = 0.4 - 1.3 mm). are presented. The s igni f icant  

density of the  rad ia t ion  f l u x  (- 5 X lom9 w a t t s  cm 

t o  in t e rp re t  it as a manifestation of metagalactic rad ia t ion  with T - 8 K. 

-2 s t e r - l )  allowed t h e  authors 
0 

The task of t h e  present communication is t o  present a cri t ical  analysis  

of t h e  possible  sources of t h i s  radiat ion.  

In te rga lac t ic  or ig in  of t h e  background 

An invest igat ion of the  absorption spec t ra  of CN and CH molecules i n  

t h i s  range of wavelengths shows t h a t  a t  h = 0.56 mm, T < 5.9* but at h = 1.3 mm, 

T < 4.7O C'33; 

a) 

1. 

@ .  

One can combine the  r e s u l t s  of El i2  1 and C31 at the  p r i ce  of a r t i f i c i a l  

assumptions t h a t  t he  source of t he  sub-millimeter background has a very narrow 

spec t ra l  d i s t r ibu t ion  (AA < 0.5 mm; < 0.5) and is located i n  the  narrow range Ah 

of dis tances  AZ G 0.5. Llf 

2. The d i f f i c u l t i e s  grow even greater i n  explaining the  absence of a 

s teep drop i n  the  energy spectrum of cosmic rays  at an energy greater  than 

* . Numbers i n  t h e  margins ind ica tes  pagination i n  the  foreign test. 



1019 e V  C4,51. The most nhura l '  assumption i n  t h i s  case i q  t h a t  such cosmic 

rays arise i n  t h e  nearby v i c in i ty  of t he  galaxy (where there  are no v i s i b l e  

sources of these radiat ions)  or  ins ide  t h e  gal'axy when it is d i f f i c u l t  t o  

f ind  a mechanism t o  contain them. 

I 

' 4  

Unfortunately now the  experimental da ta  on sources i n  t h i s  region are 

too scarce t o  reply t o  t h i s  question i n  any so r t  of d e f i n i t e  way. 

t h e  m a x i m u m  rad ia t ion  of t he  normal galaxies l i e s  i n  the  opt ica l  region and, 

consequently, it is rejected as a possible source. . 

Evidently, 
I 

A more 'complicated question concerns the  ro lg  of Seyfert  galaxies and 

quasars. In  some of these objects  t h e  m a x i m u m  rad ia t ion  occurs i n  the  sub- 

m i l l i m e t e r  region. 

quasars, assuming t h a t  they a l l  r ad ia t e  s i m i l a r  t o  t he  quasar 32273 ( w h e r e  

rad ia t ion  i n  t h e  submillimeter region is  observed), andassuming t h a t  a l l  

quasars r ad ia t e  ident ica l ly  and t h a t  t h e i r  density is d is t r ibu ted  according 

t o  Schmidt C61. 

W e  made an estimate of t he  possible background from 

(1) 

Such an estimate, evidently, is ra ther  an upper l i m i t ,  but it gives a /5 
I 

value of t he  infrared background approximately two t i m e s  l a r g e r  than w a s  ob- 

served i n  t h e  paper [1,21 . 1 

W e  note t h a t  these estimates lead t o  a l a r g e  value of t h e  background i n  

t h e  infrared region ( h -  10-100 p ) .  

should be expressed i n  t h e  form of t h e  spectrum of t h e  r e l i c t  rad ia t ion  and 

t h e  spectrum of t h e  metagalactic cosmic rays of very high energies (- 1015 eV). 

If they are va l id ,  then t h e  s i t ua t ion  

> 

b) Galactic or ig in  of t h e  background 

1. W e  note tha t  t he  possible sources of t h e  background cannot be dis- 
1 

II 

1, Similar estimates r e l a t i v e  t o  t h e  r o l e  of Seyfert galaxies led t o  t h e  . 
same r e s u l t s  [7]. 
ref ?ne t h e  conclusilons [73. 

The more recent r e s u l t s  of LOW [6] CEUI scarcely 
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I 

t r i bu ted  exclusively insl”de t h e  ga lac t ic  d i sk ,  s ince i n  t h i s  case t h e  aniso- 

tropy of the  rad ia t ion  would be too great. It is necessary t o  assume a I 

s igni f icant  densi ty  i n  t h e  halo . 2 
a 

c 
2, W e  d i scuss  t h e  problem of t h e  connection of galactic electrons 

with t h e  infrared background. 

t h e  galaxy is - 5-10 

The average s t rength of t h e  magnetic f i e l d  i n  
€ -6 oersted and at least 3-4 t i m e s  smaller i n  t h e  halo C81. 

Then t h e  losses  of r e l a t i v i s t i c  e lectrons i n  t h e  inverse Compton effect - /6 
process with t h e  submillimeter rad ia t ion  should exceed by approximately 30 

t i m e s  the ik  lo s ses  by synchrotron radiat ion.  

e lectrons reaches t h e  value - lo4’ e r g s  sec 

Then t h e  power of in jec t ion  of 

[9”1- -1 

The energies of supernovae are su f f i c i en t  only f o r  t h e  in jec t ion  of 
-1 

electrons with a t o t a l  power of - ergs sec [SI. ‘ 

Disruptive processes i n  t h e  center  of t h e  ’galaxy cannot contr ibute  t h e  

main portion t o  t h e  generation of e lectrons s ince i n  t h i s  case electrons with 

an energy - 10” e V ,  observed i n  an experiment [lo], cannot reach t h e  earth. 
> 

3 .  There is observed a sharp break i n  t h e  energy spectrum of cosmic 

electrons at energies of --‘3-5 GeV. This sharp break is w e l l  explained by 

an energy corresponding toequal i t j rof  t h e  electrons’  l ifetime with respect 

t o  t h e i r  exit from t h e  galaxy with the l i f e t i m e  r e l a t i v e  t o  lo s ses  by synckro- 

ton rad ia t ion  C111. 
t i m e  with respect t o  losses  by a f a c t o r - o f  30 and, consequently, a sharp 

break should be observed at energies of -100 MeV. 

P 

I ’  

The strong submillimeter background decreases t h e  life- 

c )  

The main sources of submillimeter rad ia t ion  background i n  t h e  atmos- 

Atmospheric or ig in  of t h e  background 

phere are,  evidently,  ro ta t iona l  e lectr ic-dipole  t r ans i t i ons  of NO molecules 

and t h e  magnetic-dipole t r a n s i t i o n  in ’02  molecules. 

In  agreement with t h e  reference da ta  C12-141 t h e  d i s t r ibu t ion  of t h e  /7 
I 

temperature T and t h e  concentrations of 0 and NO with height h has t h e  2 
following form: 

2. Recently t h e  existpence o f ’ t h e  halo has been subject t o  doubt. . 

3 



TABLE I 

A calculat ion of t h e  in t ens i ty  of t h e  rad ia t ion  from NO and 0 molecules ' 

2 
is carried o'ut by several d i f fe ren t  methods, ' For *brevity' w e  dwell i n  more 

d e t a i l  on t h e  calculat ion of t h e  , r ad ia t ion f in t ens i ty  of NO molecules. 

The flux of quanta witb a frequency corresponding t o  the  J 3 J  - '1 

AH 
Y /a where n(h)  is  t h e  concentration of molecules : W is  t h e  probabi l i ty  of J 

finding a molecule i n  t h e  J leve l ,  AJ is the  probabi l i ty  of t h e  535 - 1 
t r ans i t i on ,  and n 

The t r ans i t i on  probabi l i ty  $or an NO molecule is given by t he  expression: 

is t h e  leve l  a t  which t h e  observations are car r ied  out. H 

4 



where d is t h e  dipole  moment. 

The frequency w is determined from t h e  equality:  J 

where t h e  ro t a t iona l  constant is B = 3.2  x 10l1 her tz .  

Then it turns  out 'that J = 2-7 corresponds t o  t h e  in te rva l  0.4 t o  1.3 m m ~  

W e  take t h e  d i s t r ibu t ion  of W i n  t h e  form of t h e  Boltzmann function: J 

The following discussion serves as t h e  basis f o r  using t h e  d i s t r ibu t ion  

(5). 
energies is adjusted 5f t h e  number .of co l l i s ions  is  - 10 during leaking of 

t h e  levels. Using t h i s  r e s u l t  and a l so  t h e  d i s t r ibu t ion  of t h e  concentra- 

t i o n  presented i n  Table 1, one 'obtains t he  fact tha t  up t o  heights - 400 

km t h e  d i s t r ibu t ion  of l eve l s  has t h e  form ( 5 ) .  

In  agreement with CJ53 t h e  Boltzmann d i s t r ibu t ion  i n  t h i s  r ange  of 
> 

/9 
< 

-.I 

'1 

It is necessary, s t r i c t l y  speaking, t o  take in to  con9ideration the  de- 

pendence of W on T (h) i n  ca lcu la t ing  t h e  in tegra l  (2 ) .  One can ,as a s i m -  ~ 

p l i f i c a t i o n  (see Table 1) set T = 1000° K With a su f f i c i en t  degree of accuracy. 
J 

8 
# -1 1 -2 -1 Then, after summing over J ,  w e  0-btain FNo - 10 w a t t s  c m  ster a t  

-1 an a l t i t u d e  of 120 km and gNo - 1612 ster at an a l t i t u d e  of 120 k m  [sic]. 

The in t ens i ty  of t h e  O2 l i n e s  is approximately 1.5 t i m e s  greater. 
1 

And so i n  s p i t e  of t h e  crudeness of our estimates,  one can assume t h a t  

the  contr ibut ion of atmospheric rad ia t ions  i s  s i g n i f ~ c a n t l y . s m a l l e r  than 

the  observed flux. Q 

c 

The authors express t h e i r  appreciation t o  I . D e  Nivikov f o r  useful 

comments e 

P 

, I  
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. 11. On t h e  "BremsstrahlungJ1 Model of t h e  Roentgen Background 

Recently papers have appeared which explain the  i so t ropic  roentgen /lo 
3 -  background by b r e m s s t r a h l w  of s o f t  photons by slow metagalactic e lectrons . 

. The winning f ac to r  of t h i s  model is its naimral explanation of t h e  sharp 

break i n  t h e  energy spectrum of t h e  i so t ropic  roentgen background i n  t h e  

region E 20-60 KeV. Hayakawa [31 proposed a mechanism'fm t h e  formation ~ 

of roentgen photons by sub-cosmic rays  upon t h e i r  in te rac t ion  with the  thermal 

in t e rga lac t i c  e lectrons (inner bremsstrahlung). S i l k  and McGray 'E41 dis-  

cussed t h e  in te rac t ion  of 'sub-cosmic electrons with t h e  in t e rga lac t i c  plasma. 

9 

N 

Y 

W e  note t h a t ,  although external ly  these models appear d i f f e ren t ,  i n  /ii 
I 

r e a l i t y  one and t h e  same process of t h e  emission of photons by electrons l i e s  

at t h e i r  foundation. The difference (which is not of a fundamental nature) 

cons is t s  i n  t h e  fact t h a t  i n  t h e  paper C31 th'e chosen system of coordinates 

(metagalaxy) coincides with t h e  electrons 6ut i n  paper [4] it coincides with 

t h e  protons. 

W e  note t h a t  t he  quant i ta t ive  difference is p rac t i ca l ly  absent f o r  t h e  

non-re la t iv i s t ic  case of i n t e r e s t  t o  us (i.e., when t h e  speed of t h e  incident 

protons and electrons are, respect ively,  v 

t f v i s t i c  case t h e  quant i ta t ive  propert ies  are different .  

t i v i s t i c  l i m i t  t h e  d i f f e r e n t i a l  c ross  sect ion d o  

tum-with an energy i n  t h e  range E 

an electron is equal t o  C51. 

< c and v < c )  . In  the  rela- 

In t h e  non-rela- 
P .  e 

of t h e  emission of a quan- 
Y 

E + dE upon c o l l i s i o n  of a proton and Y ' Y '  Y _. 

where v is t h e  r e l a t i v e  ve loc i ty  and E 

t ron  and t h e  photon, respectively.  

and'E are t h e  energy of t h e  elec- 
e Y < .. , 

3 -  This mechanism as applied t o  galactic electrons w a s  discussed long 
ago I: 1,2] . 
with t h e  new experimental da t a  on t h e  angular  d i s t r ibu t ion  and in t ens i ty  
of t h e  roentgen background. 

One should reject such a model because of its disagreement 

e 

6' 



I 

It is evident from (1) t h a t  t he  cross  sect ion does ndt depend on which 

p a r t i c l e  ( the  electron o r  t h e  proton) is at  rest. 9 

Eq. (1) is va l id ,  s t r i c t l y  speaking, i; t h e  non-re la t iv i s t ic  l i m i t ;  w e  

w i l l  use it f o r  energies up t o  E -m c2, which is completely j u s t i f i e d  by 

t h e  (logarithmic) accuracy .withawhich we w i l l  usually car ry  out t h e  calcul-  

at  ions. U 

e e  

Later we w i l l  formulate t h e  main point of our paper. W e  assume t h a t  /12 
II 

t h e  llbrems+rahlungll hypothesis r e s u l t s  i n  exceedingly l a r g e  values of the 

roentgen rad ia t ion ,  and t o  a non-power energy spectrum of t h e  rad ia t ion  i n  

t h e  region E 2 100 KeV. 
Y 

The proof of these asser t ions  w i l l  be broken in to  two stages. In t h e  

first s tage,  semi-quantitative estimates a s  applied t o  t h e  electron version C41 
( the  electrons c o l l i d e  with t h e  s ta t ionary  protons) w i l l  be given. 

second stage more rigorous ca lcu la t ions  f o r  t h e  proton version (here t h e  

electrons are s ta t ionary)  [31 w i l l  be given. 

In  t h e ,  

Such a d iv is ion  is su i t ab le  f o r  tpe following reasons: 

1) da ta  is lacking i n  t h e  paper C31 concerning,the fundamental nature 

of t he  phenomenon -- t h e  energy spectrum of t h e  sub-cosmic protons; 

2) t h e  estimates permit t rac ing  c l ea r ly  t h e  physics of t h e  phenomenon; and 

3)  t h e  conclusions i n  both versions d i f f e r  somewhat because of t h e  

red s h i f t .  

I. Electron Version 

In t h e  paper.[41 there  is discussed a model mainly where a l l  t h e  sub- 

cosmic electrons have appeared at a ce r t a in  z = z . 
spectrum F 

i 
(Ee, 2;) of t h e  e lec t rons  at a  distance,^ e 

Then t h e  electric 

has t h e  form: 

7 



11 
e e where.K - 10 ( E i n  KeV); ye = 2 . 5 ;  zi = 10; Eec = LOO KeV; t h e  den- 

s i t y  of t h e  material a t  our epoch',is p - 10-31gm c ~ n - ~ .  W e  then ca lcu la te  

Lt - the  energy released i n  the  ionization proLess by , the  spectrum (2) per 

uni t  t i m e .  - -  

0 

- 

7 0 .  

eV - = 840 hY-2.) ---- (4  1 &Y2 SeC 

- dczz 3 

df 
- * \  

(see [6l),where n (z )  = no (1 + z ) ~  is t h e  electron concentration i n  t h e  

in te rga lac t ic  gas; B - 40 * ( t o  logarithmic, accuracy) ; E - kT. Since an 

accurate value of t he  upper l i m i t  i n  (3)  is immaterial, we se t  it equal t o  
min 

2 m c  . e 
* 

/$ In order t o  ca lcu la te  the temperatdre T it is necessary t o  invest igate  

the  k ine t i c s  of t he  thermat balahce ["I. 
only the  boundaries f o r  values of T a re  being estimated, we are r e s t r i c t ed  

t o  a comparison of the  separate terms of the  k ine t i c  equation. Cooling of 

However, h n c e  in  t h i s  section 
1 

the  in te rga lac t ic  plasma is caused by three processes: 

t he  Compton ef fec t  on t h e  r e l i c t  radiat ion ( c ) ,  and the  radiat ion of t h e  

in te rga lac t ic  plasma ( 7 ) .  

t h e  r'ed shifiit ( e ) ;  
0 

The heat emission of a unit  volume i n  one second 

corresponding t o  these processes has t h e  form C81: 
--r-- * r  I 

. .  

D 

8 



where p - gm cm-3 is the  c r i t i c a l  density;  Eq. (5c) is val id  f o r  
C 

> 7  T - (10 ) ?  K. 

The r e l a t ions  L (2;) calculated i n  agreement w i t h  (3) t o  ( 5 )  a t  
9 T = (10 ) O K  a r e  presented i n  Table 1. 

I 

3 1 . L c -  L-2- I 
I -  1 

L- e -. i L,. I 

I 

! i 1 ! 

ergs cm-3 sec-l 

- < 9  
A t  T - (10 )OK, t he  t o t a l  heat emission is s igni f icant ly  smaller than 

t h e  heating produced through ionization by the  sub-cosmic elections.  

fo re ,  if the  l a t t e r  are capable of heating the  in te rga lac t ic  gas (without 

taking in to  account losses)  t o  T >' (10 )OK, then it indicates  t h a t  the  t r u e  

value o f  T is > (10 )OK. 

There- 

9 

9 

!!&e t o t a l  heating without taking in to  account the cooling can be eas i ly  

calculated,  using the  values of L from Table 1. 

time t - l'0 

indicates  t h a t  i n  neglecting the  losses  T -  (10 

upper l i m i t  f o r  values of T. 

it turns  out t h a t  i n  a 

eV ~ m ' ~  is released. 2 

13 

t 
-3 x1017 sec energy i n  the  amount This 

MG 
) O K .  This value is t h e  

Thus if sub-cosmic electrons with the  energy spectrum (2) exist i n  the  , 
metagalaxy, then the  temperature of t he  metagalactic gas should be contained 

within t h e  l i m i t s  (10 t o  10 ) O K  and there should consequently be radiat ion /16 

i n  the  range (10 t o  10 eV with a non-power quasi-Planckian spectrum. 

9 13 - 
5 9 

9 



One can explain t h i s  conclusion by simple physical ideas. If a beam of 

slow electrons which are absorbed i n  a c e r t a i n  volume are incident upon a 

plasma, then thermal equilibrium w i l l  be established in' t h e  volume. 

The relaxat ion t i m e  7 can be estimated from t he  equation: 

( 6 )  
% - c  

L/'iT Rk-7e4 

A h. ~~3,fi"T t e is the electron charge, and D is the Debye radius  [ 9 ] .  
e z  

z 1 

0 

In,our case h - 10 . Equating T 5 tMG-- , w e  obtain t h e  fact t h a t  H 
if  T < 9  - (10 )OK, then'thermal equilibrium i,s established. 

2. 

I n  t h i s  and t h e  following sect ions t h e  proton version is discussed. 

Calculation of t h e  Energy Spectrum of t h e  Cosmic Protons 

W e  ca lcu la te  F 

E E + d E 

ces has t h e  power form: 

(Ep, 2;) d E -- the f l u x  of cosmic protons i n  t h e  range 
P P 

assuming t h a t  * t h e  luminosity q of a. un i t  volume i n  t h e  sour- 
P' P P' 

The constant B takes  i n t o  account possible evolution of t h e  sources of 

protons. 

Then i n  agreement with t h e  standard equations of t h e  Friedman model 

f o r  D = D-, t h e  f l u x  of protons is 

L 

where v 

proton at a point a t  > z ,  if t h e  energy observed at the  point z is 

is t h e  veloci ty  of t h e  protons; E t  
P P 

(Ep9 ,z, 2') -is t h e  energy of 

equated to-,Ep. . . _ _  . .  
w 

W e  use -.Eq. ( 4 )  t o  ca lcu la te  t h e  r e l a t i o n  E' . (Ep, z ,  2 ' 1 ,  replacing 

by mp. ,Then t h e  t o t a l  energy lo s ses  caused by ionization and t h e  ex- 
P .  

m 

pansion of t h e  universe.are described by t h e  equation: 
e 

9 



Since 

%. ( 4 )  takes  t h e  form: 

The c r i t i ca l  energy 

has  a simple physical meaning (see C31, C41). If E < E , then a proton 

is retarded at our epoch pr incipal ly 'due t o  ionizat ion losses;  i f  E > E 
P PC 

P PC' 
then t h e  red s h i f t  plays t h e  main role .  

Eq. (11) has t h e  solution:. 

4. In t h e  proton version p = pc. 
0 



The in tegra l  (14) is not taken i n  t h e  general form.and therefore  w e  w i l l  ,./I9 
I 

.reduce it t o  its asymptote. If E E (1 + zj2, then 
P . PC 

Z 

. 

The spectrum of protons i n  space has a non-power form; t h e  spectral  index 

var ies  from y - 1.5 (low energies) t o  Y 5 (high energies), 
P P 

3 .  Density of the  Sub-cosmic Protons 

To estimate t h e  energy density E of t he  sub-cosmic protons we use Q. ( l5) ,  
P 

which is valid, f o r  values of t he  parameter B which a re  not too l a r g e .  For 

def ini teness  we set 13 = 0. 
. I  

We wri te  t he  reLation (15) i n  the  form: 

Then the  luminosity. .f ' of a un i t  volume, produced by 

bremsstrahlung of protons, , is equal to :  * .I . 

do 
dE where - 

Y 
is  determined by (11.' 

* . 
5. Such a spectrum is t h e  r e s u l t  of thermalization of protons f o r  which, 

however, t he  relaxat ion t i m e  7 N mp 
m e  

( see C61 and Sect. 1). 
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Afker t h e  transformations w e  obtain:. 

where the  f d c t i o n - f " ( y  ) is deiermined by t h e  logarithm i n  Q. (1). 

interval  1 < y < 2 t h i s  function is containedawithin t h e  l i m i t s  1 t o  5 - . 

In the  
P , 

P 
1/3; we s e t  it equal t o  1. 1) 

Using (8) and (181, we obtain tha t  

-3yP + 0.5 b-2&p+d5- ' i 

0 4  z/-) fl%T;Te /I/; / - ( / A  zt + 
&YP -a5 * yp 

'i/ . 

We combine t h i s  expression with the  experimental value for t he  f lux of roentgen 

radiat ion i n  the  region E 

-2 -1 -1 photons cm sec s t e r  KeV-l (see,  for example, [41). 

/21 
L 

> 50 KeV, F ~ ( E ~ ,  = 0)"60-2*2~0*2 
Y -  

It follows from t h e  combination of (19) and (20 )  t ha t  y = 1.7; P 
. ,  

K -  

E 

(Ey i n  un i t s  of KeV; 2;. %' 1) and t h e  energy density of protons 
1 

(z = 0) - 10 e V  cmW3, which is  an inadmissibly high number. 
P 

The only poss ib i l i t y  of-decreasing it is t o  a s s p e  very l a r g e  values of 

B %' 1. 

therefore;  

When fi -> i n  t he  in tegra l  (14) t h e  upper l i m i t  is, important; 

1 2  



Using t h e  procedure noted above, it .is not d i f f i c u l t  t o  determine t h a t  for t h i s  

set-up t h e  energy densi ty ,of  protons is 

4. Heating of t h e  In te rga lac t ic  Gas by Sub-cosmic- Protons 

where r is t h e  gamma function. . 

We car ry  out t h e  ca lcu la t ions  f o r  t h e  most su i t ab le  parameters y = 1-75 P 

ifE,-/d.-o.s) e rL$)f[gJx and @ = 1.5. Then 

H O  ' 

For z < zi, t h l s  value agrees approximately with t h e  value a f the  electron ver- 

sion (see Table 1). 

cess of heat  transfer i n  t h e  universe is its expgmsion. Therefore, f o r  an 

approximate calculat ion of t h e  run of t h e  temperature we use t h e  equation of 

thermal balance discussed i n  t h e  paper [7]. 

L23 
It follows from Table 1 t h a t  i f ' z  < 10, then t h e  main pro- 



If T = 0 at  z = z then i' 

c < 9 a t  z - 1, T - (10 )OK, which is  found t o  be i n  good kgreement with t h e  es- 

t imates of Sect. 1. 

t h e  proton version is approximately two orders  of magnitude l a r g e r  than i n  

t h e  electron version, t h e  temperature i n  t h e  l a t te r  model should be s ign i f i can t ly  

higher than i n  t h e  proton version. 

W e  note t h a t  because of t h e  fact t h a t  t h e  density po i n  

W e  c a l cu la t e  i n  accordance with (5c) ,  (8), and (26) t h e  f l u x  of roentgen 

rad ia t ion  produced by free-free t r ans i t i ons  of' t h e  heated in t e rga lac t i c  gas:  

The experimental spectrum of roeptgen rad ia t ion  which c,orresponds t o  t h e  

ind i rec t  emission by subLcosmic protons ( so l id  l i n e )  and t h e  emission of t h e .  

heated g a s  according t o  E q .  (27) (dootted l i n e )  are presented i n  Fig. 1. 
4 b 

Thus i f  a powerful f l ux  of sub-cosmic protons w w ' e  t o  e x i s t ,  then t h e  

r.oentgen quanta formed by them would i n  t h e  first place be caused by t h e  heat-, 

ing and emission of t h e  gas.  

The assumption of strong evolution (B < 1) does not improve matters here. 

L e t  t h e  f lux  of roentgen This s i t ua t ion  is c l a r i f i e d  i n  t h e  following way. 

rad ia t ion  be specif ied experimentally. 

heating t o  t h e  energy e m e r g i i a s  roentgen because of bremsstrahlung is 

The ra6 io  of t he  energy produced by 

- * .  

t h e  energy losses  &- /dt , where &is'determined by (4) qnd - J& 
d€t. /d? df * de /v 

by bcemsstrablung) is  determined by t h e  c ross  sec t ion  (1); t h i s  r a t i o  does 

not depend on t h e  densi ty  of t h e  g a s .  

The f r ac t ion  of energyemergingthrough emission of t h e  heated g a s  is 
- 

. L?-' ' LA? 
L-t 9 1  \ &  , 

- -P ; i n  t h e  case of l a rge  evqlution an: a specif ied in t ens i ty  . -?. 

. .  

~ .. - ... .. . .~ . _. . 
.. . ".... . .  
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. 
(experimental da ta )  t h e  e f f ec t ive  value of p' 2 s  a m a x i m u m  and therefore  i n  t h i s  

case t h e  curve corresponding t o  t h e  emission of t h e  heatefl.gas w i l l  l i e  still 

higher than shown i n  Fig. 1. - 

I /25 
I I 

5. Conclusion 

O u r  analysis  has shown t h a t  i n  t h e  "bremsstrahlung" model a) t h e  temper- 
> a  9 a tu re  of t h e  in t e rga lac t i c  gas is too  high,-(10 

assume t h e  evolution of t h e  sources t o  be very g r e a t ,  t h e  energy densi ty  of 

t h e  sub-cosmic rays  is inadmissibly la rge ;  ' c )  t h e  heated gas  w i l l  r ad i a t e  

s ign i f i can t ly  more than i n  t h e  ind i rec t  process of t h e  braking of sub-cosmic 

rays;  

t o  10 )OK; b) i f  w e  do not 

and d)  t h e  spectrum of t h e  emission by t h e  heated g a s  w i l l  have essen- 

t i a l l y  a. non-power shape. 

These conclusions lead t o  t h e  necessi ty  of giving up t he  "bremsstrahlungff 

model of t h e  roentgen background. 
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